Objectives: To analyze the circulating levels of proinflammatory peptides in healthy prepubertal children in relation to abdominal obesity, measured by waist circumference (WC), and to investigate their interactions with cardiometabolic risk factors. Design and methods: A cross-sectional study of 137 healthy prepubertal children with a mean age of 8.0G0.1 years divided into three groups according to their WC as a measure of abdominal obesity: 'normal-WC' children (25th-75th percentile, nZ48), 'children at risk' (75th-90th percentile, nZ39), and 'abdominally obese' (R90th percentile, nZ50) children. Auxological measurements and blood pressure (BP) were taken. Fasting levels of high-sensitivity C-reactive protein (hsCRP), interleukin 6 (IL6), tumor necrosis factor-a (TNF-a), glucose, insulin, and lipid profile were measured. Insulin resistance (IR) was assessed by homeostasis model assessment of IR (HOMA-IR). Results: Abdominally obese children had significantly higher BP, insulin, HOMA-IR, total cholesterol and triglycerides (TG) compared with their normal-WC counterparts (P!0.05). HsCRP concentrations increased proportionally with the degree of abdominal obesity (rZ0.443, P!0.0001), whereas IL6 and TNF-a were not significantly associated with any of the adiposity variables. After controlling for adiposity, hsCRP was significantly correlated with systolic BP (rZ0.257, PZ0.004), TNF-a levels were related to high-density lipoprotein cholesterol (HDL-C; rZK0.216, PZ0.016) and TG (rZ0.196, PZ0.029), whereas the relationship between IL6 and HDL-C reduced its magnitude to an insignificant level (rZK0.173, PZ0.055). Conclusions: Healthy prepubertal children with abdominal obesity have associated inflammatory and cardiometabolic alterations, interacting with each other.
Introduction
Central fat distribution plays an important role in the development of obesity-related metabolic and cardiovascular abnormalities (1, 2) . These disorders have been associated with the metabolic activity of visceral abdominal adipose tissue, an active endocrine organ, which secretes a large number of factors and cellular mediators, known as adipokines (3) . Abdominal obesity has also been characterized by the presence of lowgrade chronic inflammation with an increased production of inflammatory peptides such as C-reactive protein (CRP), interleukin 6 (IL6), tumor necrosis factor-a (TNF-a), plasminogen activator inhibitor-1, etc. (4) . In adults, their serum concentrations have been reported to correlate positively with measures of adiposity (5) and to associate with the metabolic syndrome (MetS) (6) , cardiovascular disease, insulin resistance (IR), and diabetes (7) .
There is a growing interest in the function of the adiposity-related inflammatory factors and their contribution to the development of childhood MetS (8, 9) . A number of studies have investigated the relationship between the circulating levels of adipokines, anthropometric indices and cardiometabolic risk factors in obese children and adolescents (10, 11) . However, the majority of these have been limited mainly to associations between crude measures of adiposity such as body mass index (BMI) and CRP as a marker for an increased risk of coronary artery disease (12, 13) , reporting age diversity of the participants (14, 15) or inconsistent results (16, 17) . Less is known about the presence of low-grade systemic inflammation in healthy children with central obesity and on its potential associations with various cardiometabolic alterations before the onset of puberty (18, 19) .
The aims of this study were i) to analyze the circulating levels of proinflammatory peptides (high-sensitivity CRP (hsCRP), IL6, and TNF-a) in healthy prepubertal children in relation to abdominal obesity, measured by waist circumference (WC), and ii) to investigate the interactions of these proinflammatory peptides with cardiometabolic risk factors.
Material and methods

Subjects
A sample of 168 healthy prepubertal Caucasian children (78 boys and 90 girls), aged 6-10 years (mean age 8.1G1.2 years), took part in this casecontrol study, conducted between December 2007 and May 2008. They were recruited from a representative cross-sectional study for the development of WC percentile curves for Bulgarian children and adolescents (20) through telephone or personal contact, representing 12% of the corresponding age group.
The exclusion criteria were adopted children with unknown family and past medical histories, initiated puberty, acute illness, chronic inflammatory diseases, other chronic diseases in general, or any medication intake at the time of investigation. The required information was obtained by a structured parental interview and full physical examination of the participants.
Auxological and blood pressure measurements
All anthropometric measurements were taken by the same well-trained investigator (S G). Weight was measured to the nearest 0.1 kg using a calibrated digital scale (TANITA Ltd, West Drayton, Middx, UK) with subjects standing barefoot in light clothing. Height was measured to the nearest 1 mm with a portable stadiometer (Seca Ltd, Hamburg, Germany), with the child upright and the head in the Frankfurt plane. WC was measured to the nearest 1 mm with a flexible, non-elastic tape midway between the tenth rib and the iliac crest at the end of a gentle expiration. BMI was calculated as weight (kg)/height 2 (m 2 ). Pubertal development was clinically assessed based on secondary sexual characteristics according to Tanner's criteria (21) . None of the subjects had begun puberty. Blood pressure (BP) was measured using a mercury sphygmomanometer according to the standard guidelines.
Laboratory procedures and assays
Venous blood samples were collected from all participants in a supine resting position after a 12-h overnight fast. Blood was centrifuged within 1 h and immediately assayed for glucose, total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol using enzymatic tests for the Olympus AU400 Clinical Chemistry system (Beckman Coulter, Inc., Brea, CA, USA). Serum was separated and kept frozen at K20 8C until assayed for insulin, hsCRP, IL6, and TNF-a. Serum insulin was determined by a sandwich ELISA with an assay sensitivity of 1.76 mIU/ml (DRG International, Inc., Mountainside, NJ, USA), and the intra-and inter-assay coefficients of variation were 2.6 and 2.88% respectively. The degree of IR was estimated using the homeostasis model assessment of IR (HOMA-IR) (22) . For the analysis of hsCRP, a commercial ELISA kit was used (DRG International, Inc.) with a sensitivity of 0.1 mg/l, and the intra-and inter-assay coefficients of variation were 2.3 and 2.5% respectively. IL6 and TNFa were evaluated by validated high-sensitive ELISAs (Quantikine HS, R&D Systems, Minneapolis, MN, USA). The sensitivity of these assays was 0.016 pg/ml for IL6 and 0.038 pg/ml for TNF-a. The intra-and inter-assay coefficients of variation were !10% for both cytokines.
Ethical approval
The protocol was approved by the local ethical committee of Varna University Hospital, Bulgaria, and written parental informed consent and child's assent were taken prior to their enrollment into the study.
Study design
After a close inspection of the data for outliers, all analyses were performed excluding participants with hsCRP levels O10 mg/l or those with missing data on different biochemical parameters (nZ31). This decision changed only the point estimates, but the direction of the effect did not differ from the analysis of the full sample. A total of 137 children (67 boys; mean age 8.0G0.1 years) were included in the final analysis. They were divided into three groups based on the Bulgarian age-and sex-specific WC reference (20) : 48 (35.0%) were 'normal-WC' children (gr. 1) (25th to !75th WC percentile), 39 (28.5%) were 'children at risk' (gr. 2) (75th to !90th WC percentile), and 50 (36.5%) were 'abdominally obese' (gr. 3) (WCR90th percentile). No difference in age and sex ratio was observed between the study subgroups.
Statistical analysis
The results are presented as meanGS.D. or median (interquartile range). Each variable was tested for normal distribution, and log transformation was applied for BMI, insulin, HOMA-IR, TG, hsCRP, IL6, and TNF-a prior to further statistical testing. Gender differences were assessed using unpaired t-test. One-way ANOVA with Bonferroni's test for multiple comparisons was used to compare the circulating cytokines and the metabolic variables across the categories of abdominal adiposity, measured by WC. Partial Pearson's or Spearman's correlation coefficients with adjustment for age and sex were computed to examine the relationship between the variables. To judge the influence of adiposity on the outcome measures, ageand sex-adjusted partial correlation analyses were performed, using WC and BMI as additional confounding variables.
Several multiple linear regression models were applied, with backward or stepwise eliminations of the independent variables. The first set of regression equations was created to explore the linear relationship between the inflammatory markers as the dependent variables and the adiposity measures, age, and sex as the independent variables. The second set of regressions was created to look for the link between the different cardiometabolic parameters (TG, BP, insulin, HOMA-IR, etc.) as outcome variables and the inflammatory markers, i.e. hsCRP, IL6, and TNF-a, as predictors, controlling for age, sex, BMI, and WC. The partial t-test statistic was used to determine the importance of each independent variable, with estimated b-coefficients. The P values were set to be !0.05 to enter the model and PO0.1 to be removed from the model.
Statistical significance was set at a P value !0.05. Statistical analysis was performed using SPSS software for Windows, version 15.0 (SPSS, Chicago, IL, USA).
Results
Anthropometric indices and cardiometabolic features
Children's clinical characteristics and biochemical parameters are presented in Table 1 . Both WC and BMI increased significantly across the groups (from gr. 1 to gr. 3) in boys and girls (P!0.0001), with a strong positive correlation between WC and BMI (rZ0.952, P!0.0001). Systolic and diastolic BP (SBP and DBP) increased significantly with the degree of abdominal obesity, measured by WC, without the presence of gender differences.
Although the markers of glucose homeostasis were within the normal range, serum insulin levels and HOMA-IR increased significantly across the groups (Table 1) . The abdominally obese children (gr. 3) had significantly higher levels of TC and TG compared with their normal-WC counterparts (gr. 1). No gender differences in serum lipids were detected (PO0.05 for all).
Inflammatory peptides
HsCRP concentrations showed a positive trend across the groups increasing proportionally with the degree of abdominal adiposity (P!0.01; Table 2 ). Serum IL6 levels also increased with a significant difference found between normal-WC and abdominally obese children. TNF-a value did not differ among the WC percentile categories (PO0.05). No gender-related differences were detected for hsCRP, IL6, and TNF-a levels (PZ0.29, PZ0.163, and PZ0.614 respectively).
Correlations of inflammatory peptides with the measures of adiposity and cardiometabolic parameters
HsCRP correlated with the measures of adiposity (Table 3) . WC remained a significant predictor of hsCRP serum concentration even after an additional adjustment for BMI (rZ0.261, PZ0.003).
HsCRP concentrations were significantly related to SBP, DBP, and HOMA index (P!0.0001 for all). This acute-phase protein correlated also with serum IL6 (rZ0.354, P!0.0001), but not with TNF-a levels (rZ0.02, PZ0.825). The latter adipose tissue-derived cytokines showed a significant negative relationship P value: * between normal-waist circumference and at risk group; † between normal-waist circumference and abdominally obese group; ‡ between at risk and abdominally obese group. NS, not significant; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DPB, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance.
with HDL-C values (PZ0.047 and PZ0.028 respectively), with no association with HOMA-IR or BP. Neither IL6 nor TNF-a were significantly associated with any of the adiposity variables.
After controlling for adiposity, hsCRP remained significantly positively associated with SBP (rZ0.257, PZ0.004) and serum IL6 (rZ0.336, P!0.0001). TNF-a levels still correlated with HDL-C (rZK0.216, PZ0.016), TG (rZ0.196, PZ0.029), and IL6 (rZ0.222, PZ0.013), whereas the relationship between IL6 and HDL-C reduced its magnitude to an insignificant level (rZK0.173, PZ0.055).
Multiple regression analysis
The first set of regression equations concerning the relationship of inflammatory peptides with measures of adiposity showed that hsCRP levels were significantly influenced by WC (bZ0.05, P!0.0001), with no significant effect of the latter on the cytokines' concentrations (PO0.05). Regression analyses of the associations between cardiometabolic parameters, inflammatory proteins, and anthropometric measures revealed that in the entire group, WC contributed significantly to the levels of TG, insulin, HOMA-IR, and SBP values (b TG Z0.864, PZ0.003; b ins Z0.596, P!0.0001; b HOMA-IR Z0.611, P!0.0001; and b SBP Z 0.440, PZ0.022 respectively). SBP was also influenced by hsCRP (bZ0.140, PZ0.001), whereas BMI was a significant determinant for DBP (bZ0.757, P!0.0001). TNF-a had a predictive value only for HDL-C concentrations (bZK0.185, PZ0.035).
Discussion
This study is one of the few reports on the associations between central obesity, measured by WC and lowgrade inflammation in a non-patient group of healthy children, and on their contribution to the development of a cardiometabolic risk profile even before the onset of puberty. The lack of adult confounding factors (smoking, advanced vascular disease, chronic conditions, etc.) in our young participants confers a certain advantage in clarifying these interrelationships.
While most studies examining obesity and inflammatory factors in children used BMI as a measure of adiposity, we investigated the proposed associations assessing the influence of abdominal fat mass, measured by WC. This decision was related to the fact that central adiposity has been more strongly associated with adult cardiovascular disease and diabetes risk even in subjects who are lean or simply overweight by BMI (6, 23) .
The presence of low-grade inflammation in the study group was assessed by measuring serum concentrations of hsCRP, IL6, and TNF-a. HsCRP is an acute-phase protein, produced exclusively by the liver in response to inflammatory cytokines (24) . Published evidence associates it with the development of cardiovascular events considering it as an important determinant of atherosclerotic vascular changes even in young obese children (25, 26) . In our study, we found higher concentrations of this inflammatory protein in abdominally obese healthy children compared with their normal-WC counterparts even before the onset of puberty. Furthermore, it correlated significantly with the measure of central fat distribution, as waist girth was the only anthropometric predictor determining its increase. It is worth mentioning that most of the studies reporting similar findings have used population-based samples of children and adolescents of a greater age range (10, 12) or entirely clinically based study groups (25) . Moreover, some authors investigated the relationships with the overall adiposity measures (25, 27) or measured non-sensitive CRP (28) .
We showed the presence of a positive correlation between the increased hsCRP and several cardiometabolic risk factors. This was consistent with other studies P value: * between normal-waist circumference and at risk group; † between normal-waist circumference and abdominally obese group; ‡ between at risk and abdominally obese group. NS, not significant; WC, waist circumference; hsCRP, high-sensitivity C-reactive protein; IL6, interleukin-6; TNF-a, tumor necrosis factor-a. linking MetS components to hsCRP levels in children and adolescents (8, 13, 26) . However, similar to other reports (29) , the associations (except for SBP) disappeared after controlling for adiposity measures, suggesting that in healthy prepubertal children, the observed relationships were mediated through the obesity status. Hence, it could be hypothesized that a longer period of exposure to or accumulation of excessive fat mass may be required, or a critical degree of inflammation must be reached before the effects of hsCRP become significant. The independent positive correlation between hsCRP and SBP in our study population could be connected with the inflammatoryinduced vascular changes leading to an increased risk of developing a hypertensive condition in early childhood (30) .
The other two investigated markers of low-grade inflammation, IL6 and TNF-a, play a central stimulatory role in the production of the acute-phase proteins and correlate with the adiposity indices and central fat distribution as well as with the development of IR and MetS in adults (4) .
Previous studies, investigating the links between these cytokines, obesity, and cardiometabolic abnormalities in children, have shown inconsistent results. In contrast to a few reports conducted in Caucasian cohorts (15, 19) and despite the higher IL6 concentrations detected in the abdominally obese children, we found no positive association between its levels and the adiposity measures or cardiometabolic risk factors. TNF-a was also unrelated to the abdominal obesity of our participants and had an independent predictive value only for the decreased concentrations of HDL-C. Similar data in children were demonstrated by Steene-Johannessen et al. (10) and others (26, 31) , while Caballero et al. (11) and Aygun et al. (19) reported raised TNF-a in obese children.
Some potential reasons for these discrepancies could be the differences in age, race, pubertal stage, obesity degree, and fat distribution among different studies. Our results do not rule out IL6 and TNF-a as potential contributors for future cardiometabolic risks. We suppose that the relatively low overall and abdominal obesity grade among the participants explain the moderate elevation of the studied cytokine levels.
Adult studies have demonstrated sex dimorphism in adipose tissue metabolism and inflammation that could be explained by the well-documented gender differences in adult body fat distribution and estrogen effects on cytokine regulation and production of inflammatory proteins by the liver (32, 33) . IL6 and TNF-a probably become important players at puberty and postpuberty, when their activities are associated with those of other inflammatory cytokines as IL1b, IL8, etc. (3). This hypothesis has partially been proven by a longitudinal study of 118 healthy children, which found raised IL6 levels in 15-year-old overweight/obese girls with no difference at the age of 8 years (34) . In our prepubertal group, the concentrations of all investigated inflammatory markers did not show significant gender differences and thus confirmed other international reports in children (15, 18, 25) .
The main strengths of this study include i) the recruitment of healthy prepubertal participants before the development of adult chronic diseases, strictly controlling for possible biases and ii) the investigation of a number of inflammatory and cardiometabolic parameters, known to be closely associated with abdominal adiposity in adults.
The limitation of the study is its cross-sectional design, which makes it impossible to determine the causal interactions between the inflammatory and cardiometabolic factors and does not allow examining longitudinal consequences of the abdominal adiposity.
In conclusion, abdominal obesity, measured by WC, is associated with inflammatory and cardiometabolic alterations in apparently healthy prepubertal children, and these alterations interact with each other. These changes could persist into adulthood representing an increased risk for development of cardiovascular disease and diabetes. Therefore, further research into the field of abdominal obesity-related inflammation is required for those children who are at risk of excessive central fat accumulation even before the onset of puberty.
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